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Thepresentreportaimsmainlyatareevaluationofsalivaryglucoseconcentrationandexcretioninunstimulatedandmechanically
stimulated saliva in both normal and diabetic subjects. In normal subjects, a decrease in saliva glucose concentration, an increase
in salivary ﬂow, but an unchanged glucose excretion rate were recorded when comparing stimulated saliva to unstimulated
saliva. In diabetic patients, an increase in salivary ﬂow with unchanged salivary glucose concentration and glucose excretion
rate were observed under the same experimental conditions. Salivary glucose concentration and excretion were much higher
in diabetic patients than in control subjects, whether in unstimulated or stimulated saliva. No signiﬁcant correlation between
glycemia and either glucose concentration or glucose excretion rate was found in the diabetic patients, whether in unstimulated
or stimulated saliva. In the latter patients, as compared to control subjects, the relative magnitude of the increase in saliva glucose
concentration was comparable, however, to that of blood glucose concentration. The relationship between these two variables was
also documented in normal subjects and diabetic patients undergoing an oral glucose tolerance test.
Copyright © 2009 Cedric Jurysta et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1.Introduction
Many authors found higher glucose salivary levels in diabetic
patients than in nondiabetics [1–11]. Such investigations
aimed mainly at exploring whether diabetic control could
be monitored by a noninvasive method of salivary glucose
measurement [1–4]. The latter remains, however, a matter of
controversies [5–8]. Several factors may account for the poor
correlation between blood and saliva glucose concentrations
prevailing in diabetic subjects. They include oral retention
of alimentary carbohydrates [12, 13], glucose utilization by
oral bacteria [14], release of carbohydrates from salivary
glycoproteins [15, 16], and contamination of saliva by a large
outﬂow of crevicular ﬂuid in patients with a poor gingival
status [17, 18].
In considering the relationship between salivary glucose
concentration and salivary ﬂow, the present study mainly
aimed at re-evaluating salivary glucose concentration and
excretioninunstimulatedandmechanicallystimulatedsaliva
in both normal and diabetic subjects.
2.MaterialsandMethods
2.1. Subjects. T h ep r e s e n tr e p o r td e a l sw i t hﬁ v es e t so f
experiments. The ﬁrst set of experiments was conducted
in 38 normal subjects, including 16 males and 22 females
with respective mean ages (±SEM) of 24 ± 2a n d2 3±
2 years. The second set of experiments was conducted in
84 diabetic patients, including 36 males and 48 females
with mean respective ages of 56 ± 3a n d5 5± 2y e a r s .
The third set of experiments was restricted to 9 normal
subjects and 18 diabetic patients. At variance with the ﬁrst
two sets of experiments, it did not include measurements
of salivary ﬂow and, hence, glucose excretion rates. The
fourth set of experiments consisted of an oral glucose
tolerance test conducted in 4 normal subjects and 2 diabetic
patients. The last set of experiments concerned 3 healthy
subjects and 2 diabetic patients, examined at the occasion
of successive samplings of stimulated saliva in the absence
of any change in glycemia. The diabetic patients were
treated and appropriate control subjects were recruited from2 Journal of Biomedicine and Biotechnology
the Endocrinology Department, Istanbul University Medical
School, Istanbul, Turkey, and the Stomatology Department,
Erasmus Hospital, Universit´ e Libre de Bruxelles, Brussels,
Belgium. All experiments and sample collections, as well as
saliva glucose measurements, were performed by the same
investigator either in Turkey or Belgium.
The present research was conducted in full accordance
with ethical principles, including the World Medical Associ-
ation Declaration of Helsinki.
2.2.SalivaSampleCollection. Tocollectsaliva,astandardized
tube with two compartments and a standardized cotton
were used. Both the cotton and two-compartment tube
were obtained from the same manufacturer (SalivetteTM,
Starstedt, N¨ umbrecht, Germany). The upper part of the
tube containing the cotton presented a hole, so that, after
centrifugation, the saliva was recovered in the lower part and
became available for analysis.
Saliva was collected in fasting subjects, immediately after
rinsing the oral cavity two times with 150mL of water and
drinkingthiswater,bymeansofcottonkeptintheoralcavity
for 1 to 3 minutes either in the unstimulated state or during
mastication (stimulated saliva). The cotton was transferred
in the upper part of the tube. Salivary ﬂow was determined
by weighing the device with the cotton before and after saliva
collection, assuming that 1g of saliva corresponds to 1mL.
Centrifugation of the device at 2000g for 5 minutes allowed
the saliva adsorbed to the cotton to pass through the oriﬁce
into the lower compartment of the device, the saliva being
then immediately frozen at −20◦C.
Although salivary ﬂux could be aﬀected by the use of
salivette, the latter was used to standardize the collection of
saliva, for hygiene reasons, and to remove particles from the
saliva.
Blood was taken from ﬁnger tip, and blood glucose
concentration was measured by the glucose oxidase method
[19].
2.3. Salivary Glucose Assay. Salivary D-glucose concentra-
tion was determined by the hexokinase method adapted
from [20]. 100μL centrifuged saliva was mixed with 95μL
of reagent medium containing 2.0mM MgCl2,0 . 5m MA T P ,
0.5mM NADP+, and 0.06 units of yeast glucose 6-phosphate
dehydrogenase in TRIS-HCl buﬀer (200mM, pH 8.1). After
a ﬁrst reading of the absorbance at 340nm, the reaction
was started by the addition of 5μL yeast hexokinase in
reagent medium (0.06 units). The absorbance at 340nm
was recorded after 30-minutes incubation at room temper-
ature. The assay was simultaneously conducted on glucose
standards (ﬁnal concentration comprised between 5 and
250μM). The results were calculated as nmol of glucose/mL
saliva after the subtraction of reading in the absence of
hexokinase and taking into account glucose standards and
saliva volume.
The coeﬃcient of variation is, respectively, 3.3 ± 0.4%
(n = 25) and 5.4 ± 0.6% (n = 51) for D-glucose standards
and saliva samples. The standard curve of glucose between
5t o2 5 0μM is linear with a correlation coeﬃcient of 0.999.
Our method can measure as little as 0.5nmol of glucose with
av a r i a t i o nc o e ﬃcient of 4.3%.
2.4. Statistical Analaysis. All results are presented as mean
values (±SEM) together with the number of individual
determinations(n)ordegreeoffreedom(d.f.).Thestatistical
signiﬁcance of diﬀerences between mean values was assessed
by the use of Student’s t-test.
3. Results
In a large series, the glucose concentration was 76.4 ± 3.8
(111) and 32.4 ± 2.4μM (126), respectively, in unstimulated
and stimulated saliva from normal subjects.
A ﬁrst study was conducted in 38 normal subjects,
including 16 males and 22 females. The glucose concentra-
tion averaged 79.4 ± 5.8μM( n = 33) in unstimulated saliva,
as distinct (P<. 001) from only 32.4 ± 4.4μM( n = 38) in
stimulatedsaliva.Thesalivaryﬂowincreased(P<. 001)from
a basal value of 0.82 ± 0.09mL/min to a stimulated value
of 1.88 ± 0.09mL/min (n = 38 in both cases). The glucose
excretion rate failed, however, to diﬀer signiﬁcantly (P>. 3)
in unstimulated saliva (66.7 ± 6.1nmol/min; n = 33) and
stimulated saliva (57.1±8.3nmol/min; n = 38), with a mean
paireddiﬀerencebetweenunstimulatedandstimulatedsaliva
of 14.1 ± 11.7nmol/min (n = 33; P>. 2). As a rule, these
variables did not diﬀer signiﬁcantly in male versus female
subjects(Table 1).Thestimulatedsalivaryﬂow,however,was
higher (P<. 01) in male than in female subjects.
A comparable study was then conducted in 84 diabetic
patients, including 15 subjects with type-1 diabetes (6 males
and 9 females) and 69 subjects with type-2 diabetes (30
males and 39 females). The glucose concentration averaged
187.3±20.0μM( n = 74) in unstimulated saliva and 187.5±
19.6μM( n = 83) in stimulated saliva. The salivary ﬂow
increased(P<. 005)fromabasalvalueof1.18±0.08mL/min
to a stimulated value of 1.51 ± 0.06mL/min (n = 84
in both cases). The glucose excretion rate, however, failed
to diﬀer signiﬁcantly (P>. 4) in the unstimulated saliva
(223.0 ± 35.6nmol/min; n = 7 4 )a n ds t i m u l a t e ds a l i v a
(255.7 ± 28.1nmol/min; n = 83). None of these variables
diﬀeredsigniﬁcantlyintype-1andtype-2diabeticpatientsof
the same gender. Likewise, the glucose concentration failed
to diﬀer signiﬁcantly in male and female diabetic patients,
whether in unstimulated or stimulated saliva. The basal
salivary ﬂow and glucose excretion rate were lower (P<. 05
or less), however, in female diabetic patients than in male
diabeticsubjects(Table 1).Moreover,asigniﬁcantincreasein
salivary ﬂow (P<. 001) and glucose excretion rate (P<. 05),
in response to stimulation, was only observed in the female
diabetic patients (Table 1).
The glycemia in the diabetic patients averaged 9.75 ±
0.48mM (n = 84), representing about twice the mean value
otherwise found in normal subjects (see below). Likewise,
the glucose concentration in unstimulated saliva was about
twice higher in the diabetic patients (187.3 ± 20.0μM; n =
74) than in the control subjects (79.4 ± 5.8μM; n = 33).
In the diabetic patients, as compared to control subjects,Journal of Biomedicine and Biotechnology 3
Table 1: Unstimulated and stimulated data in normal and diabetic subjects.
Normal Diabetic
Gender Male Female Male Female
Glucose concentration (μM)
Unstimulated 78.7 ±9.2 (14) 80.4 ±7.9 (19) 201.9 ±34.9 (34) 175.0 ±22.3 (40)
Stimulation 29.7 ±8.1 (16) 34.4 ±5.0 (22) 203.6 ±37.2 (36) 175.1 ±19.9 (47)
Salivary ﬂow (mL/min)
Unstimulated 0.82 ± 0.17 (16) 0.82 ±0.11 (22) 1.53 ±0.13 (36) 0.92 ±0.09 (48)
Stimulation 2.17 ± 0.14 (16) 1.67 ±0.11 (22) 1.63 ±0.10 (36) 1.42 ±0.08 (48)
Glucose excretion (nmol/min)
Unstimulated 60.9 ±7.1 (14) 71.3 ±9.3 (19) 302.0 ±72.5 (34) 155.7 ±19.5 (40)
Stimulation 59.8 ± 16.5 (16) 55.2 ±8.2 (22) 291.7 ±54.8 (36) 228.1 ±26.6 (47)
the relative magnitude of the increase in unstimulated saliva
glucose concentration thus failed to diﬀer signiﬁcantly (P>
.1) from that in glycemia. The unstimulated saliva ﬂow was
also somewhat higher (P<. 01) in the diabetic patients
(1.18 ± 0.08mL/min; n = 84) than in the control subjects
(0.82±0.09mL/min; n = 38). Hence, the mean basal glucose
excretion rate was about thrice higher (P<. 005) in diabetic
patients (223.0±35.6nmol/min; n = 74) than in the control
subjects (66.7 ±6.1nmol/min; n = 33).
Inafurthersetofexperiments,theglucoseconcentration
in stimulated saliva was again found to decrease (P<. 005,
paired comparison) from an unstimulated value of 81.0 ±
19.9t o3 3 .3 ± 3.9μM( n = 9) in healthy subjects, whilst
no signiﬁcant decrease (P>. 2) was observed in 18 diabetic
patients. In this set of experiments, the glycemia averaged
in diabetic patients 8.76 ± 0.77mM (n = 17) as compared
(P<. 005) to 4.95 ± 0.14mM (n = 8) in control subjects,
yielding a diabetic/control ratio of 177%. Likewise, the
glucoseconcentrationinbasalandstimulatedsalivaaveraged
in the diabetic patients 179.7% of the mean corresponding
values found in control subjects. In the diabetic patients, as
compared to control subjects, the relative magnitude of the
increase in saliva glucose concentration was thus, once again,
comparable (P>. 9) to that of blood glucose concentration,
with an overall diabetic/control ratio of 178.8 ± 24.2% (n =
53; P<. 025 versus the reference value of 100.0 ± 9.8%;
n = 28).
In order to investigate further the relationship between
blood and saliva glucose concentration, an oral glucose
tolerance test (75g) was conducted in 4 normal subjects and
2 diabetic patients (Figure 1). The glucose concentration in
unstimulated saliva progressively increased during the ﬁrst
30 minutes of the test, reaching a peak value which averaged
253±49%(P<. 01)ofpairedbasalmeasurement.Thereafter,
the glucose concentration in unstimulated saliva samples
progressively decreased, eventually reaching at minutes 120–
180 nadir values representing no more than 47.4 ± 14.8%
(P<. 06) of paired basal measurement.
Theunexpectedfallinsalivaglucoseconcentrationbelow
basal value observed during the late part of the oral glucose
tolerance test led us to measure such a concentration at the
occasion of successive samplings in the absence of change
in glycemia. As illustrated in Figure 2, which refers to a
study conducted in 3 healthy subjects and 2 diabetic patients
from whom 8 successive samples of stimulated saliva were
collected over a period of 17 minutes, a progressive fall
in glucose concentration was indeed recorded under these
experimental conditions.
Figure 3 illustrates the mean values for saliva glucose
concentrations, salivary ﬂow, and glucose excretion rate in
all unstimulated and stimulated samples collected in this
study. It emphasizes the decrease in glucose concentration
(P<. 001), increase in salivary ﬂow (P<. 001), but
unchanged glucose excretion rate (P>. 3) recorded in
normalsubjectswhencomparingstimulatedtounstimulated
saliva. It also documents the increase in salivary ﬂow
(P<. 005) with unchanged salivary glucose concentration
(P>. 99) and glucose excretion rate (P>. 4) observed
under the same experimental conditions in diabetic patients.
Last, it illustrates the marked increase (P<. 001) in
salivary glucose concentration and glucose excretion rate
found in diabetic patients, as compared to normal subjects,
whether in unstimulated or stimulated saliva. The latter
ﬁnding contrasts with more modest diﬀerences (P<. 01
or less) between normal subjects and diabetic patients for
unstimulatedorstimulatedsalivaryﬂow,theresultscollected
in the latter patients averaging 112.1% ± 5.7% (n = 168;
P>. 2)ofthecorresponding meanvaluesrecordedunderthe
same experimental conditions in normal subjects (100.0% ±
5.9%; n = 76).
Despite the high number of individual determinations,
no signiﬁcant correlation was found in the diabetic patients
between glycemia and either glucose concentration (r =
0.1614; d.f. = 91; P>. 1) or glucose excretion rate (r =
− 0.0629; d.f. = 72; P>. 1) in unstimulated saliva. Likewise,
no signiﬁcant correlation could be found in the diabetic
patients between glycemia and either glucose concentration
(r = 0.1545; d.f. = 98; P>. 1) or glucose excretion rate
(r = 0.1522; d.f.=81; P>. 1) in stimulated saliva.
4. Discussion
In the present study, the unstimulated salivary ﬂow was
higher compared to the unstimulated saliva ﬂow of about4 Journal of Biomedicine and Biotechnology
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Figure 1:Timecourseforthechangesinglycemiaandunstimulatedsalivaglucoseconcentrationin4normalsubjectsand2diabeticpatients
during an oral glucose tolerance test. Geometric mean values (±SEM) refer to results expressed in percent of paired basal value.
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Figure 2: Time course for the changes in glucose concentration
during successive samplings of stimulated saliva in 5 subjects.
Geometricmeanvalues(±SEM)refertoresultsexpressedinpercent
of paired ﬁrst measurement.
0.4mL/minobservedinmanystudies[21–26].Thissituation
is probably linked to the use of a salivette for the collection of
saliva.
The present results conﬁrm that the glucose concen-
tration in saliva is higher in diabetic patients than in
control subjects [1–11]. It extends this knowledge to both
unstimulated and stimulated saliva. It also conﬁrms that, in
both normal subjects and diabetic patients, the salivary ﬂow
is higher in stimulated as compared to unstimulated saliva
[7, 21–28]. Despite such an increase, the glucose excretion
rate, taken as the product of saliva glucose concentration
multiplied by salivary ﬂow, failedto diﬀer signiﬁcantly under
unstimulated and stimulated conditions, whether in normal
subjects or diabetic patients. The latter ﬁnding argues in
supportofadissociatedregulationofsalivaryﬂow(increased
by mechanical stimulation) and glucose release by salivary
glands (unaﬀected by mechanical stimulation).
The dependency of saliva glucose concentration on
glycaemia was further documented by the time course of
changes in the former variable during an oral glucose
tolerance test, as documented in both normal subjects and
diabetic patients. During the glucose tolerance test (OGTT),
the salivary glucose level increased twofold within 60 min-
utes, as observed previously [29, 30]. The measurements
of saliva glucose concentrations made during such an oral
glucose tolerance test led us to observe, in a further set
of experiments, that such a concentration decreases at the
occasion of successive samplings of stimulated saliva, such
a decrease occurred despite unchanged salivary ﬂow. Its
pattern was reminiscent of the rapid clearance of exoge-
nous glucose from the saliva of human subjects otherwise
observed during the ﬁrst 6 to 8 minutes, followed by a much
slower clearance thereafter [30–32].
No signiﬁcant diﬀerence between type-1 and type-2
diabetic subjects was detected in the present study, and no
signiﬁcant correlation between glycemia and glucose saliva
concentration or glucose excretion rate was found in the
diabetic patients, whether in unstimulated or stimulated
saliva. These ﬁndings conﬁrm the poor link between gly-
caemia and glucose concentration or excretion in saliva, at
least on an individual basis [5–8]. Nevertheless, the present
study may well set the scene for further investigations on the
regulation of glucose output from salivary glands, as well as
onthepotentiallyunfavorableeﬀectofahighglucosesalivary
concentration on selected variables of oral health status in
diabetic patients.Journal of Biomedicine and Biotechnology 5
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